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Abstract 

Ataxia-telangiectasia is a multisystem recessive disease 
characterized clinically by cerebellar ataxia, oculocuta- 
neous telangiectasias, immunodeficiency, sensitivity to 
radiomimetic agents and an increased predisposition to 
cancer. This pleiotropic disorder is caused by mutations 
in the ATM gene, which is located at the human chromo- 
somal region 11q23. Loss of heterozygosity (LOH) at 
11q22-q23 is a frequent event in ovarian cancer, sug- 
gesting the presence of a tumor suppressor gene in this 
region. We have found that LOH in the ATM gene 
occurred in 44% of informative cases in a series of 22 
primary ovarian tumors. LOH of this region occurred at 
the same frequency during the advanced stages (III— IV; 
3/9, 33%) as in the early stages (Ml; 4/13, 31 %) of ovarian 
cancer. To investigate the role of ATM in ovarian cancer, 
we used a PCR-based single-strand conformation poly- 
morphism assay for mutation detection of the entire cod- 
ing sequence of the ATM gene (65 exons) in 22 ovarian 
tumors. No somat ic alterations of the ATM gene were 
found in these ovarian Tcancer samples including those 



with LOH present in the ATM gene. Our study has identi- 
fied a region (1 1q23) which probably contains a frequent- 
ly altered tumor suppressor gene in ovarian cancer, and 
this gene does not appear to involve the coding se- 
quences of the ATM gene. 



Introduction 

Genetic linkage studies mapped the ataxia-telangiecta- 
sia (AT) locus to chromosomal region llq22-23 [1], a 
region that frequently exhibits loss of heterozygosity 
(LOH) in several types of tumors [2-8]. Using a positional 
cloning approach, the ATM gene (mutated in AT) has 
recently been identified [9, 10]. The gene is expressed as a 
1 2-kb transcript in all tissues and cell types [9]. 

Individuals carrying two mutant ATM alleles and 
affected by AT have a 100-fold higher risk of developing 
cancer than unaffected age-matched subjects [11]. The 
cancers most frequently identified in this group are leuke- 
mias and lymphomas. A higher incidence of tumors has 
also been observed in obligate AT hcterozygote carriers 
u ith the relative risk for females and males being 3.5 and 
3.8, respectively [11]. The strongest correlation between 



»:■:■:■:■:■>:-: 



111 

■> S *'!-M 



KARGER 

Fa* +41 61 306 12 ^4 
E-Mail kar&e r@k3rgcr.cn 
www. kargcr. com 



S. Kargcr AG. Basel 



\.*. l>\i:»;c online at: 

x: : . m.oM cdNct.com /kargcr 



Phillip KocfTlcr. MD 
.->1ars-Sinai Medical Center, UCLA School of Meda m; 
■<«. loverly BWd.,B208 
■s A ngeles. CA 90048 (USA) 

* I 010)855 4609, Fa«*l (310)659 9741 



mm 



Applicants: Shlomit Gilad and Rami Skalitcr 
Title: ATM Mutations in Breast Cancer 
US. Serial No. 09/810,993 
Filed: March 16, 2001 
Exhibit 4 



development of cancer in AT carriers was found for breast 
cancer. Recent studies have shown a relative risk of about 
5 in one study [1 1] and 3.9 in another more recent study 
that involved 58 cases of breast cancer [1 2]. However, no 
somatic alterations of the ATM gene were found in 38 
unselected breast tumor samples [13]. An excess risk ot 
ovarian cancer may also occur in heterozygotes for AT 
n 4]. LOH on chromosome arm llq was identified in 
67% of ovarian carcinomas, which was highly suggestive 
of the presence of an important tumor suppressor gene 
(TSG) on this chromosomal arm [2]. Studies using micro- 
cell-mediated chromosome transfer into carcinoma cell 
lines have also shown that the long arm of chromosome 1 1 
is able to suppress tumorigenesis [ 1 5]. 

To investigate the role of ATM in ovarian cancer, we 
examined LOH in the ATM gene and used an exon-scan- 
ning polymcrase-chain-reaction (PCR)-based single- 
strand conformation polymorphism (PCR-SSCP) assay in 
order to examine DNA from 22 ovarian tumors for ATM 
"mutations. We found that LOH frequently occurred 
: (44%) at the ATM gene in ovarian cancer. However, no 
structural alterations of the ATM gene were found, sug- 
gesting that an important TSG is in the region of the ATM 
: gene and it is probably altered in ovarian cancer. 



for 36 s at 94 °C, annealing for 33 s at 55 °C and extension for I nun 
at 7?° C in a Programmable Thermal Controller (MJ Research Inc., 
Watcrtown, Mass., USA). After amplification, PCR samples were 
diluted 5-fold in loading buffer containing 20 mA/EDTA, 94%torm- 
amidc and 0.05% of both bromophenol blue and xylene cyanol. The 
products were heated to 95°C Tor 5 min, and 15 ul of each sample 
was elect rophorescd through a 5-6% polyacrylamide gel containing 
8.3 M urea for 3-4 h at 85 W. Subsequently, the gels were dried and 
subjected to autoradiography on Kodak XAR film at -80°C. 

Relative intensities of DNA fragments in normal and tumor lanes 
were examined with a Fujix Bas 2000 System. In this examination, 
allelic loss was scored to have occurred when the intensity of one 
allelic fragment in the tumor was less than 40% of that in the corre- 
sponding normal tissue. 

The PCR amplification of the entire coding region of ATM was 
examined as previously reported by the incorporation of -«P-a- 
dCTP using the primers from the genomic sequences and the opti- 
mal annealing temperatures for each of the exons as previously 
reported (total number of exons is 65) [19]. The products were sepa- 
rated in 0.5 x HydroLink MDE Gel (J.T. Baker Inc., Phillipsburg, 
N.J., USA) at room temperature. The gels were dried and exposed to 
X-ray films at -S0°C overnight. 



Materials and Methods 

Samples and Staging of Ovarian Cancer 

Twenty-two samples of DNA from primary ovarian cancers were 
fresh tissues obtained at the time of surgery after informed consent 
was obtained from each patient. Adjacent noncancerous tissues or 
peripheral blood lymphocytes were also obtained from each individ- 
ual The tumors were histologically classified according to the Histo- 
iogicaJ Typing of Ovarian Tumors by the World Health Organization 
and staged according to the International Federation of Gynecology 
and Obstetrics staging system; each of these samples contained more 
than 80% tumor cells. These cancers included 7 clear-cell adenocarci- 
nomas, 6 serous adenocarcinomas, 3 mucinous cystoadcnocarci no- 
mas. 2 mesodermal mixed tumors, 2 mixed adenocarcinomas and 2 
endometrial adenocarcinomas. High-molecular-weight DNA was 
i; prepared by proteinase K digestion and phenol/chloroform extrac- 
tion as described [16]. 

A naiysis ofLOll with Microsaieltiie Markers 
The LOH analysis was performed by PCR amplification of 
\ microsatellite sequences [17]. The following microsatellite loci were 
-used at Uq22-q23: D1IS2000, DIIS2H9, D11S1818, DUS897 
:[18]. The PCR reaction contained lO-10n ngofDNA, lOpmoIofthe 
primers, 2 nmol of the four dcoxynbonucleotide triphosphates 
Pharmacia, Stockholm, Sweden), 0.5 unit of Taq DNA polymerase 
(Bochringer-Mannhcim, Indianapolis. !nd.. USA) and 2 ud of P- 
:i KiCT (ICN, Irvine, Calif., USA) in 2( > i; ! of the specified buffer with 
i::>-5 niiW MgCl 2 . Samples were amplified by ?5 cycles of denaturing 
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Results 

Overall 7 of 22 (32%) cases had LOH in at least one 
locus (Dl 1S2000, D11S2179, D11S897, D11S1818) ei- 
ther flanking or in the ATM gene. LOH at Dl 1S21 79, a 
marker located within the ATM locus, occurred in 7 of 16 
(44%) informative cases (fig. i). Correlation of these re- 
sults with the clinicopathological characteristics of the 
patients and their tumors showed that LOH in this region 
(llq23) occurred at the same frequency in advanced 
stages (Ill-TV; 3/9, 33%) as in early stages (I-II; 4/13, 
31%) of ovarian cancer (table 1). 

The 65 exons of the entire ATM gene from DNA of 
each of the 22 ovarian cancer samples were examined by 
PCR-SSCP (fig. 2a). No alterations were found (fig. 2b). 



Discussion 

Our studv confirms the high frequency of LOH in pri- 
mary ovarian cancer at 1 lq23 [20, 21], Furthermore, we 
found a hotspot of LOH within the ATM gene (44%) at 
1 1 q23. However, the ATM gene does not appear to be the 
TSG that is altered in these sporadic ovarian carcinomas, 
because we could not find structural alterations of this 
gene. Using "a similar SSCP technique, we were able to 
detect frequent mutations in the p53 gene in lung tumors 
[22]: therefore, we believe that it is unlikely that we have a 
very high raie of false-negative results in the present sam- 
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Table 1 . Clinical characteristics of ovarian 
cancer patients 



Case 


Stage 


Histologic 


LOU 


No. 




type 


(1 lq23) 


I 


la 


CCA 


~ — - 

+ 




la 


CCA 


+ 


3 


la 


SA 




4 


1c 


CCA 


+ 


5 


Ic 


CCA 


LOH 


6 


Ic 


CCA 


+ 


7 


Ic 


MCA 


+ 


8 


ic 


SA 


+ 


9 


ic 


MMT 


+ 


10 


Ut- 


CCA 


LOH 


I i 


ile 


MA 


LOH 


12 


He 


MCA 


+ 


13 


lie 


MMT 


LOH 


14 


Ilia 


CCA 


+ 


15 


nib 


EA 


+ 


16 


Illb 


MA 


+ 


17 


IHc 


MCA 


+ 


IS 


I No 


SA 


LOH 


19 


I lie 


SA 


+ 


20 


IV 


EA 


+ 


21 


IV 


SA 


LOH 


22 


IV 


SA 


LOH 



CCA = Clear-cell adenocarcinoma; SA = 
serous adenocarcinoma; MCA = mucinous 
cystoadenocarcinoma; MMT = mesodermal 
mixed tumor, MA = mixed adenocarcinoma; 
EA = endometrial adenocarcinoma; + = re- 
tention of heterozygosity. 



Fig. 1. Summary of LOH analysis of chromosome I lq23 in ovarian 
cancer. Seven samples which showed LOH at one or more loci are 
presented. For the markers which are assigned to the same location 
by linkage analysis, the results obtained from each marker were com- 
bined. The status of each chromosomal locus is indicated by shading 
as LOH (black), retention of heterozygosity (white) and noninforma- 
tive (hatched). Patient numbers are listed at the top of each column. 
Fig. 2. a Representative autoradiography showing LOH. Sample 
No. 3 retains heterozygosity in the ATM gene. Samples No. 11,18 
and 22 show LOH at the ATM gene. Arrowheads point to alleles 
showing loss. T = Tumor DNA; N - normal DNA. b SSCP analysis of 
ATM gene exon 31 in primary ovarian samples. No alterations were 
found. Lane I = Sample No. 5; lane 2 - sample No. 10; lane 3 - 
sample No. 11; lane 4 = sample No. 13; lane 5 = sample No. 18; 
lane 6 = sample No. 2 1 ; lane 7 = sample No. 22. 



( Jneology 1 999; 56: 1 60- 1 63 



Koike. in keuchi/Park/Hatta/Yokota/ 
Tsuruok.i knottier 



pies. Furthermore, the average size of genomic fragments 
examined by SSCP was approximately 240 bp which is 
welJ below the size limitation generally believed to be nec- 
essary to detect more than 80% of the mutations [23], We 
cannot exclude the possibility that alterations affecting 
function of the ATM gene occurred outside the coding 
region of the gene. 

We found that LOH at i 1 q23 occurred at the same fre- 
quency in advanced stages (II I— IV; 3/9, 33%) and early 
stages (MI; 4/13, 34%) of the disease (table 1). These 
results suggest that LOH at 1 Jq23 occurs relatively early 
in progression of ovarian cancer. 

Using an effective and rapid DNA screening method to 
identify ATM mutations, we detected no somatic alter- 



ations of the ATM gene in 22 ovarian tumor samples, 
including those with LOH in the ATM gene at 1 lq23. 
Although a larger data set will be required to reveal the 
exact frequency of AT carriers in ovarian cancer patients, 
our data suggest that the ATM gene is infrequently altered 
in ovarian cancer, and another TSG T which is important 
in ovarian cancer, is present in the region of 1 !q23. 
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